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REACTION OF ALLENE WITH PHENYLAZIDE 
ABSTRACT OF' DISSERTATION 
The purpose of this work was to investigate the reaction of allene 
and phenylazide, in order to gain greater insight into the reaction of 
arylazides wlth allenes. 
Experiments were performed in an autoclave and also in sealed 
tubes at loo•c and 70°C for varying periods of time. 1,1-Dianilinocyclo-
propane(l), 5-methyl-l- phenyl-1,2,3-triazole(2) and 4-methyl-l-phenyl-1,2,3-
triazole(3) were isolated as major reaction products using column chromato-
graphy. The structures of these compounds were established by their nuclear 
magnetic resonance spectra, ultraviolet spectra, mass spectra and their 
satisfactory elemental analysis, molecular weight detennination by vapour 
pressure osmometry, and synthesis. Authentic samples of the two triazoles 
2 and J were synthesized by literature procedures. They were identical to 
the trlazoles isolated from the allene- phenylazide reaction. 
Previous experiments of arylazides with tetramethylallene and 1,2-cyclo-
nonadiene gave the triazoline products in which the carbon-carbon and 
nitrogen-nitrogen double bonds were conjugated. The experimental results 
obtained for the reaction of phenylazide with unsubstituted allene can best 
be accounted for by initial formation of non-conjugated triazoline(S) as 
well as some conjugated triazoline(4); scheme I. 
Triazole 1. can result from the isomerization of 4. Triazoline 2_, in 
addition to isomerization to ~. apparently is more readily able to add another 
azide molecule to form 6, which subsequently de-composes to 1. The faet that 
l is observed to be the-major reaction product indicates that the concerted 
charge separated transition state leading to 5 in which positive charge is 
placed on the central carbon of the allene molecule is more stable than the 
analogous transition state leading to !!__ in which pos.itive· charge is placed on 
a terminal carbon atom of allene. 
Attempts were made to isolate triazolines !!__and 2_ but without success. 
In order to rule out the possibility that reaction products 1, 2 and 1. 
might be the result of initial isomerization of allene to methylacetyl ene 
followed by reaction of phenylazide with the methylacetylene, control 
experiments were conducted. No detectable methylacetylene was found i n the 
allene gas either before or after reaction. Furthermore, when methylacetylene 
was reacted with phenylazide, some 3 formed, however neither 1 nor 2 could 
be detected and the major reaction product was a liquid which-as yet has 
not been identified. 
Nuclear magnetic resonance and ultraviolet spectral co-relations have 
been recognized, which should prove useful in distinguishing l-pheny1- 5-
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REACTION o~· ALLENE WITH PIIENYL AZIDE 
ABSTRACT OF DISSERTATION 
The purpose of t his work was to investigate the reaction of allene 
and phenyl azide, in order to guin greater insight into the reaction of 
aryl Kzides with allenes. 
Experiments were performed in an autoc lave and also in sealed 
tubes at 100" C and 70° C for varying periods of time. 1,1- Dianilinocyclo- · 
propane, 5- me thyl - 1- phenyl-1,2,3-triazole, and 4-methyl- 1- phenyl- 1,2,3-
triazole were isolated as ma jcir reaction produc ts using column chromato-
graphy. The structures of these compounds we r e es tablished by their 
nuclear lll8gnetic resonance spectra, ultraviolet spectra, mass spectra, 
and their sa tis f actory eleotental analysis, molecular weight detetmination 
_ .• lty vapour pressure osmometry, and synthesis. Authentic samples of the 
tow trilltoies 4··me thyl .. l - phenyl-l, 2, 3- t r iazole and 5·-methyl- 1- phenyl- 1 ,2 ,3-
triazole were synthesized by literature procedures. l'hey were identical 
to the triazoles isolated from the allene- phenyl. azide reaction. 
l'reviotis exper i ments of aryl azides with tetramethylallene and 
1,2-cyclotionadiene gl!lle the triazoline products in which the carbim-carboii 
and nitrogen-nitrogen double bonds were conjugated . The experimental 
results obtained for the reactio11 of phenyl a :iide with W>subsdtuted 
.tlllene can best bi! accounted fo r by initial foL'Iliatiol'l of non-'conjugated 
5~ill<lthy1ene- 1-phiinyl-1 , 2 ,3 - ttiazoli.ne as well aB s bme con.lusated 4-vtethylelte-
l~phemy1~1,2, J- triazollill<. 
~~i-tethyl~lNphl!il:Yl~l ,2 ,JNtriil21l la carl rllsi.llt frolh thll iilonierizadelb 
of 4··11uitli)"il!ne~1~phedyl~l , 2 , 3··n iazblirte, 5-Methyleue~l~philrtY1 '•1,2, 3-
tria~oline, i n addition to iaome:rization to 5~M~thyl-1~phenyl~i,2 ,3-triazolo , 
a~pareritlY h more teai1J.ly utile i:o add WlOther azide ln<lleeuh ti:l fo>'111 
•piro i:riuolineiJ whi ch liUbauquently decomposa r.o 1, i~dian1linonydoprupatie. 
Attetztpts to iliolate 4 ~methylene- l-pheny J.- 1 ,~.3- triilzolirli! and 
S-..tbylede-1-phenyJ.~ 1 ,2,3~triazoline wliiie unl;uecells f ul. 
file initial :i.aomilrization of allefio to methyl acl!tyleno was ruled 
out by c~ntrol oxperimsnt~. 
Huc:lear magnetic r~aonance and ult rnvioJ.et spectral c o~relatiotls 
have be lib recognhed, li lt ich ahould I' roY I! usefu l in di stinguU hi.ng 5-o~lkyl­
l•ph$nyl• 1,2,3-triazo1e fro~ 4-alkyl• l •phanjl• l ,2,3-tt ia¥ola. 
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CHAPTER I 
INTRODUCTION AND REVIm~ OF THE LITERATURE 
The reaction of organic azides and olefinic bonds leading to the 
formation of 1,2,3-~ 2-triazoliues has been known since the beginning of 
1 this century. The work of several investigators demonstrated the 
generality and limi tations of the addition.2,3 More recently the azide-
olefin addition has received considerable attention from a number of 
investigators. 4- 8 The interest stems in part from the potential use 
of the reaction , via decomposition of the triazoline adducts, as a 
route to substituted aziridines. 9-ll The azide-olefin reaction falls 
within the reaction type termed "1,3-dipolar addition" by Huisgen and 
his associates. 12 The addition of a 1,3-dipole (a b c) to a dipolaro-
phile (d e) occurs by a concerted mechanism in which the two new· sigma 
bonds are formed simultaneously although not necessarily at an equal 
rate (Fig. 1). 12 As a consequence a stereoselective cis- addition is 
observed. 
Fig. 1 
Concerted cycloadditions of organic azides are characterized by a large 
negative entropy, a moderate enthalpy of activation and an almost indepen-
d f 1 . h 1 l . 13 '11· ence o : tte rate w1t respect to so vent p o . ar1ty . The h igh degree 
2 
of the or der in the transition state results from the fact that the 
1,3-dipole must necessarily orient itself in such a way as to place the 
centers a and c in contact with the 11 - bond of the dipolarophile. 
Azides can add to a non- symmetric dipolarophile in two directions. 
In the absence of steric effects the product distribution will be deter-
mined by electronic effects . It has been reported that the aromatic 
azides display opposing substituent effects depending on whether they add 
to electron rich or electron poor dipolarophiles. Thus electron rich 
double bonds react more easily with azides carrying electron withdrawing 
15 
substituents and vice versa . This is attributed to the stabilization 
of partial negative or positive charge on the nitrogen oC to the aromatic 
ring in the transition state. In reactions of simple alkenes, electron 
withdrawing substituents on the aromatic ring of the aryl azide facilit c. te 
the reaction. Therefore, negative charge is being stabilized by the 
azide fragment in the transi t ion state and the alkene (dipolarophil~) 
16 
becomes positively charged. The reaction of l~hexene and p- nitrophenyl 
azide illustrates t:he orien efitior't of azide addf.tioti t o sintpie unsyrr.inetri "" 
1 ( 16 cal a kenes SchertH~ l). 
) - ) 
Sc heme 1 
3 
' The adduct, 1, was the only product reported, which indicates that 
the reaction is electronically controlled. In the transition state, 1, 
the negative charge will be more stabilized on the nitrogen atom by the 
para-nitro group on the phenyl ring, and the positive charge on the 
secondary carbon will be stabilized due to the inductive effect of the 
alkyl group. The opposite addition orientation in which partial positive 
charge would have to be placed on a primary type carbon in the transition 
state is much less favorable, and the product resulting from this type 
of addition is, thus, not obtained. 
Aryl azides re~ct readily with activated or strained double 
13,15 
bonds. Strained cyclic systems are particularly reactive. trans-
Cyclooctene contains more strain energy than cis-cyclooctene and adds 
11 
phenyl azide so fast that the rate cannot be measured . Such reactions 
' . 18,19 
have been used as a diagnostic test for strained double bonds. 
They react much faster compared to the simple olefins where the reaction 
. 16 
is slow. BicYtlb[2.2.1]heptenes such as horbornene react readily at 
room temperature. A striking example of the dipolatoph:tHe activity of 
strained double bonds is the addition of phehyl azide t:b dicyclopenr.a-
diene wh:tch occurs exc lusivtd.y on the stra:i.ned doubl e bond of the nor-







In 1968 an alternative mechanism was proposed by Firestone. He 
stated that 1,3-dip.olar addition reactions could very well be explained 
by a two step reaction with a discrete intermediate, a spin paired diradi-














The activation energies of both advance and retrograde motion 
along the reaction coordinate from the intermediate, .2_, must be very 
small, smaller in fact than the rotation around single bonds b-e or d-e. 
The observed cis-addition requires this restriction. The energy profile 




- 3- structure 
Fig. 3 
product 6 
Many collis :Lons be t"YJe en the t wo r eactant s may occur , 1.n Hhich t he 
first bond can f or m bu t the orien t atJon is poor f or the second (path B) . 
5 
In such cases the intennediate, .2_, reverts to the starting material. Lmv 
entropies of activation would be expected in such cases. This requires 
that the activation energy for single bond rotation in the inte1~ediate 
is-greater than that for either formation of the second bond _or reversion 
to reactants to accommodate the observed .£_is-stereospecificity of the 
reaction. Firestone further stated that the conjugation factor, i.e. the 
electron attracting or electron releasing substituents increase the 
dipolarophilic activity of a multiple bond, was considered to be strongly 
supporting his two step theory wherein the intermediate, be it polar or 
diradical in nature, derives some stabilization through conjugation. The 
delocalization energy in a high energy intermediate and also in its 
transition state for formation might \vel! be greater than that of the 
ground state reactants. In a concerted cycloaddition the situation i.s 
exactly reversed; whatever stabilization energy the dipolarophile poss(-~sse.s 
ought to be diminished steadily along the reaction coordinate as the 
rrf-bond is steadily consumed. Also, the polarity of the solvent has little 
effect on the reaction rate \vhich according to Firestone also agrees Hith 
the 1,.3-dir.adical intermediate. 
However, this author differs with Firestone for. the follow·ing 
reason: the restriction that the activation energies for both advance 
and retrograde motion along the reaction coordinate from a diradical 
intermediate, ~, be very small, even smaller than that for rotation 
around single bon~ is not very convincing and seems extremely unlikely. 
As Huisgen puts it, "That reversion includes a change of hybridization 
at a and d, concomitantly a deep seated alteration of molecular geometry. 
The bond a·-·d must undergo c.onsidC!ra le s t retching befon~ t he retrogr~1 de 
N 22 process can profit frd ut the ind.pient formation of the // -bond." In 
light of this difference the addition of aryl azides to If - bonds \vill be 
discussed in keeping with the 1,3- dipolar cycloadditiou mechanism . 
The addition of organic azides to acetylene was first reported 
23 
by Dimroth, and subsequently substituted acetylenes have been found t o 
6 
2 4--29 react with phenyl azide very r eadily to give the corres ponding triazoles. 
With a mono-substituted acetylene such as phenyl acetylene and propiolalde-
hyde diethyl acetal the orientation of phenyl azide addition appears to 
- 15' 29 be determined both by electronic and steric effects. Nearly an equal 
amount of the two poss i ble modes of addit:i.on occur in these two reactions 
(Scheme 3) . 
R = C H 29 
6 j 
N 









i-hdsg~n reported ldw t t he dipoiarophilic act:i.vity of alk}rnes ia 
sicid.lur. in n1i:lgn:itude to ti1iit of alkenes , concludHig t hat th~ trafldtJon 
state of the cycl.oaddJt:ion. does not profit frotn the aromatic resonance 
of the produc ts. 
Extensive studies of electrophilic additions to allenes have been 
. 30-3'· 
rer)orted and comprehenstv f! reviews have been written on this subj ect. 
The ptoduc ts obtdiied when hydrogen halidc~s are reaeted with a11etu~ 
be eltplaltted af.l tH' iSit1g vta vinyl cation a. nl:~rmediatas and nt> p:d .mary 
carbonium ion route products were obtained (S cheme 4). Ho\>~ever, reactions 
7 
of disubstituted allenes with hydrogen halides give allylic halides . 33,34 
CII =C=CH 2 2 + HX 
/ ~ (f) CH3- C=CH2 $ 
ix CH2=Cll- CH2 
9 CHrCX=CH
2 lx 






The cyc l oaddition r eactions of allene with ketenes have been 
studied and in all cases they resulted in o<, /3 - unsaturated cyclobutan-
ones.35-39 A brte st~p synchronous reaction has been proposed in these 
cycloaddition reactions. The dimerization of allene has been studied in 
40- 43 some detail. The high stereoselectivity of the d:Lmerizad.ons is 
consisterit with a concetted 6ycloaddition . How~ver, a recent kin~tic 
secoridary deuterium isotope effect study on the dimer i2ation of unsub-
4'• stituted allena ~hDWI this to be A two step process. 
'l'he addi don of 1 1 :l ~d :i.poles to allertes has ttiiceived much ltHis 
study. Only two studies of aryl azide addiUoil to allenes are known. 4S,'•6 
Shechter' reported t he reaction of various azides with tetramethyl ... 
allene to give alkyHdenet 'dazolines, which can be decomposed to adridines, 
h l 
. . 45 
t eir isomeric eye .opropanot\imines and related isotners. Picryl. a zidE! 
and excess tett'amethylallene react i.n chloroform at 25° in 6 hr to give 
4-isop t"opylidehe-5-dimethyl- 1- picryl... 2-1,2 ~ .3 - triazoline (11) irt 12% yi eld. 
A transition state, 12, was proj.'losed in which there is stabilization of 
partial negative charge on t he nitrogen a( to the electron withdrawing 
8 
2,4,6-trinitrophenyl group, and the positive charge is stabilized on the 
tertiary carbon of t he tetramethylallene unit (Scheme 5). 
--) 
Scheme 5 
Similar products w~r~ reported by Shecht~r irl case of p-nitrophetiyl and 
phenyl azide; hdwever it was mentioned that the reaction is slower in the 
lattei case. 45 The ~reater rate of reaction ~ith picryl azid~ and the 
orientation of thd addition (produbt strutture) su~port the tt~nsition 
state structure, _!6, proposed by Shechter. Th:ls ls also consi.stent with 
the a aepted transition state sttucture far aryl azide addition tb Simple 
olefins. 16 
Wedegaertner observed the addition of phenyl aZide with 1, 2-cyclt1·"' 
nonadierte. 46 Basad on the ap actFoscopic and artalyti~al datd artd the 
X-ray detertoitlatio'ri of t he Htructu r'e, the s t; t·uctut'e 1§., was e~L:abli~hed 
. . . . 46j47 
as the correc t er. r.uctut'~ t or the adduct (Scheme 6). Thia ;l.s consi £1 *' 
tent wi t h Shechter 1 s work. 
C H N 




(CH ) \ 
2 6 ) 
- ? c=~- c ·-H 
I I I 
~ ~~ /~-o "::N 
16 
The cycloaddition of unsubstituted allene with diazomethane was 
r eported in 1946 .
48 
This rea ction is complete after 24 hr at room tern-
9 
perature . Diazomethane adds to olefinic bonds by a 1,3- dipolar addition 
49- 54 
mechanism, and the addition to unsubsti t uted allene can be conceived 









=N=N1 ·------> (I 
N · N 
17 
Scheme 1 
The product of this reac t i on i s 4- methylene- l - p1razoline (_17). 'thi s was 
estab11nhed by examina t :i.o ri df its ntnr spectrum. 55, 56 The most at t .Lking 
aspect of this adduc t i a tha t the two double bonds ar e non-cdnjugat~d. 
This i• in contrast to the conjugated products that are fo r med in the 
previous ly discussed reactions ~i th aryl a zides and s ubstituted allenes. 
Since diazo coinpotinds and a tides a t e somewha t analogous 1, 3- dipoles , this 
suggest ed that an analogous non-conjugated pr oduct might r es ult f rom 
unsubs t itu t ed allene and an a ry l a zide. 
CHAPTER II 
RESULTS AND DISCUSSION 
The transition state for aryl azide addition to allene can be 
1:-' effected by the conjugation of C=C and N=N // - systems, by the ability 
of the azide to accommodate negat ive charge and the allene to accommodate 
positive charge, and possibly by steric ef fects. A study bf the reaction 
of phenyl azide and allen~ was undertaken i n hopes tha t the reiative 
importance of t he various fac tors in stabili~ing the aryl azide- allerie 
transi~ion state ~ight be f urther clarified. 
Phenyl azide was reacted with excess allene in an autoclave for 
3 weeks at 100°. Examination of the crude reaction mixture by thi n- layer 
chromatography (tlc ) showed 5 spots with Rf values 0.19; 0.32, 0.6t•, 0.82, 
and 0. 95 . This c r ude reaction mixture (5.8 g) was ~eparated into fi~e 
fractidns by silica gel clttomatography. 'i'he fl.rst f r ac tion Ctinta.lned 
only (L029 g of the ntatet l itl and w.:1s not inves t igat~d f urther . the second 
fractiOil (0. 68 g) ;yj.elded 1.1· .. dianLUnocyd.opr opanca (21) in 9% ove 'all 
yield . 4 .. Methyl- l ~·pheny1- 1 , 2 , 3 td.azole (_~Q_) was Jsolated by ~axrrHc tion 
from the thir d fraction ( 2, 0 g) i n 1% yield. The combined fourth and 
fifth fractions of the column chr omatography weighed 2.3 g and yielded 
5-methyl-1-pheny1~J.,2,3 - tt:lazole (2~) in 0 . 6% yield. The yie lds corre-
sponding to the products are the actual isolated yields. The relative 
amounts of the three compounds, '!:...?_ , n_, and 2Q .• were calculated from the nmr 
upfield resonance of each compound present in the crude reac tion product 
11 
of allene and phenyl azide. The spectrum of this crude reaction mixture 
is relatively clean between S 1 and 3 except for the resonances attributa-
ble to 3}_, 23_, and 20. The l+ cyclopropyl protons gj_ve a sharp resonance 
at" & 1. 2, the methyl peak of 23 occurs at S 2. 38, and the methyl peak of 
20 is. at b2.42. The relative weighted areas of these peaks allows one 
to calculate the relative molar amounts of these compounds. 1,1-Dianilino-
cyclopropane (J7) has been isolated in 9% yield from the reaction mixture. 
Based on this the yields of the two triazoles were each calculated to be 
22.5%, therefore accounting for 51+% of the reaction product. This 
represents a minimum estimate of the yield of 27, n. and l.Q_, since any 
additional amount of n_ which formed in the reaction but was not isolated 
,.,ould increase not only the yield of n_ but also the estimated amount of 
ll and 20. 
--> X 
c6H5HN NHC6H5 23 
27 (9%) 
Scheme 8 (22.5%) (22.5%) 
1,1- Dianilinoc:Yclopropane ( 27). Compound, 1.7_, ,.,as separated fr om 
the second fraction of the silica gel column chromatography. It corre-
sponded to the tlc spot of the crude reaction mixture ldth Rf 0. 82. The 
molecular weight determined by vapour pressure osmometry \vas 220, and the 
mass spectrum showed a parent peak at 221+. These results plus the elemen-
tal analysis established the molecular formula as c15Hl6Nz. The base 
peak in the mass spectrum was 132 (100%) which can be accounted for 
Mt- - C6H5NH). The ir (IR-1) spec t rum included a sharp absorption band 
at 3400 cm-l (N-H), a s t r ong absorption a t 1600 cm-1 (a romatic c~c ) , and 
12 
a medium absorpUon at 1310 cm-1 (C- N). 57 The nmr spectrum (NMR-1) 
showed a. sharp singlet at S 1. 2 for 4 protons. The singlet indicates that 
the four protons are equivalent. The four methylene protons of a 1,1-
disubstituted cyclopropane such as in structure 27 meet this structural 
requirement. Any other disub s tituted cyclopropane would not have all four 
ring protons equivalent. Generally the unsubstituted cyclopropyl proton 
resonance would appear further upfield, but the 1,1-dianilino substituents 
would deshield the cyclopropane protons because of the electronegative 
nitrogens directly attached to the cyclopropyl ring. There was a broad 
peak at S 4.95 (2 H) which disappeared when n
2
o was added into the sample 
in the nmr tube. The exchangeable nature of the protons and the peak 
57 
broadness are characteristic of N- H protons. There was a doublet 
between S 6.6- 6.9, whose area corresponded to 6 protons (probably the 
para and meta aromatic ring protons). A triplet at S 7.1- 7.3 accounted 
for four protons, probably the ortho protons of the aromatic rings. The 
comparison of the nmr spectral data and melting r.ioirit was made wi.th the 
d · 1 " ·1 · · d 58 reporte va ue s ot t1e same compoun . No difference was not~d in the 
above values of the nmr r<'!f10nance and those reported ~. n the literature. 
The melting po:i.nt was also identlcal with t he reported value, thug 
conclusively establishing the correctness of the assignment of the 
structure of th1_s compound as 27. 
5- l1etlwl-l.;:phenyl -::J. . 1j_ 1 3 :- tripzo+~ ( 23) . 'fdatole , .61. was isolated 
from the fourth and :Hfth !t:actJons of t he co lumn chromatography, Rf 0. 32. 
The ir s pectrum (IH- 3) included an absorption band at 3150 cm"'"1 (""C- H) and 
a sharp band at 1600 cm-l (aromatic C=C ). The nmr spect r um (NMR-3 ) 
13 
showed a sharp singlet at S 2.38 which accounted for the 3 protons of the 
me thyl group, a singlet which centered a t S 7. 6 and had a sharp shoulder 
accounted for 6 protons (the 5 phenyl and 1 pr oton on the triazole ring). 
59 
5- Me thyl- 1- phenyl- 1, 2 ,3- tr:f.azole (~) was s ynthesized independently. 
The ir, nmr, and uv spectra of the two samples were the same withjn 
experimental error. The mixed me lting point showed no depression. Tlc 
of a mix ture of the two samples gave only one spot on silica gel us ing 
va r ious rat i os of benzene :e ther or methanol solvent systems. Therefore, 
the identity of this produc t from the phenyl azide- allene reaction is 
established beyond doubt. 
4-Me thyl-1-phenyl-~1 3-tr iazole <W. T:tiazole 20 was separated 
fro~ th~ t hird fraction of the column chi omatography. It coiresponded 
to the tlc spot of the crude mixture of Rf 0 . 64. The oily liquid column 
chroma tograpliy fraction was extracted with pet:ro.le um e ther and upon 
cooling triazoHne 20 l.ras <:o l lee ted. The molecular f odnula c9H9N 3 (mol. 
wt. 1.59) was cons:i.stent w:Lt h the mass s pectru!n (Ms .:..z) parent ion peak at 
159;15. 'the ir sjHHltrum (iH- 2) :lncluded ao absorpUdrl band nt 3150 cm.:.i 
( ""C...;;H) ~tid a sharp band at: t&oo cm- 1 ( aromatic C""C), The nmr spe ·h um 
(NMR-2) had a shat·p singl<!t a t S 2. 42, accc:.t.utt ng ror t he 3 pro tcmt! of 
the methyl group, and the re:;wnance bet\-)een S 7. 4- 7.8 (6 protons) gave 
two poorly resolved doublet: a accoun ting for the five phenyl pr otous and 
the s ingle proton on t he l.et:erocycl:Lc ring. This tr.irizol e, 20, waa a l so 
synthesized by an alternate method. 60 The nmr and ir spect ra of bath the 
synthesized triazole and the one obtained from t he reaction of allene and 
phenyl azide we.re t he . sarne. The uv opect ra :in both c:aees \·Jere compared 
~ 
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and showed the same positions for the maxima and minima absorptions, and 
the extinction coefficients were within experimental error. The tlc 
analysis in various solvents showed no difference in the Rf values. A 
solution containing both triazoles gave a single spot on the tlc. The 
melting points were identical in both cases and the mixed melting point 
did not show any depression. Compound, 20, was thus established as the 
third compound fonned in the phenyl azide-allene reaction. 
Mechanism of phenyl azide-allene reactio~. The two triazoles 
23 and 20 can result from the reaction of allene and phenyl azide by 
the initial formation of triazoline ~and triazo1ine 19, respectively. 
The formation of these triazolines can be pictured as occurring thro'18h 
transition states 21 and 18. The two triazolines represent the two pos-
sible modes of 1,3-dipolar addition of phenyl azide to the allene double 
bond (Scheme 9). 
CH2:::C=CH2 + c6n5-N-N=N 
/ 
18 21 22 
Scheme 9 
These triazolines·, i.e. ~ and 19, upon subsequent isomerization would 
result in the formation of triazole 23 from triazoline 22 and triazole 20 
from tri.azoline 19 (Scheme 11). Attempts to isolate and obtain evidence-----..... ""' 
for 19 and 22 were unsuccessful and inconclusive. 
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Triazoles 20 and 23 obtained from the allene- phenyl azide experi-
ments can conceivably be formed by the initial isomerization of allene 
into methyl acetylene followed by reaction of phenyl azide with methyl 
acetylene. Allene has been reported to isomerize into methyl acetylene 
in the presence of strong bases and also in the presence of catalysts 
(Al2o3 and Si02) at 300°.
30 However, allene by itself has been reported 
to be stable with respect to isomerization at 400°. 61 The phenyl azide-
allene reaction occurs in a neutral medium at 100°, conditions too mild 
for the allene- methyl acetylene isomerization to be expected to be signi-
ficant. However, in order to interpret the chemical results on the basis 
of reaction of phenyl azide and allene, it was necessary to rigorously 
exclude the possible isomerization of allene to methyl acetylene under 
the reaction conditions. To this end a series of control experiments 
were performed. 
In order to test for the presence of methyl acetylene a sensitive 
method was needed. A mercuric ion test reagent was used which consisted 
f . - 1 62 o an aqueous alkaline solut · o il of K2Hgi 4• Expetiments were crirried o~t 
to determine the ininimum alilount of methyl ace tylene which could be detec ted 
by the test reagent:. A 2~Q. sample of methyl acetylene (8.9 x 1ef'"8 mol) 
wa:s injected into the mercur y test reagent , and a \vhite precipitate 
was observed. However; pred.pitate could not be observed when less than 
2 ~ \ o£ methyl acetylene gz:w was injected into the alkaline mercuric 
test r~agent. Therefore, 8 . 9 x 10- 8 mol or more of me thyl acetylQne 
tan ~asily be detec ted. 
Allene gas was first pas sed through the mercu~ic tes t reagent 
and then passed through sodium hydroxide pellets (drying agent) and was 
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then charged into the autoclave containing benzene and phenyl azide. No 
precipitate was observed in the alkaline mercuric test reagent. This 
showed that there was no detectable amount of methyl acetylene present 
-8 (less than 8.9 x 10 mol) in the allene gas used in these experiments. 
At the conclusion of the experiment' (3 weeks at 100°) the nmr spectrum 
of the crude product was compared with the products obtaj_ned in the 
previous experiments of allene and phenyl azide. Both spectra were 
identical. 
Allene gas was passed through the alkaline reagent at 0°, followed 
by passing through a column of sodium hydroxide pellets, and was then 
again passed through a fresh, cold alkaline mercuric test reagent. No 
precipitate was observed in either of these bottles containing the test 
reagent. It 'vas concluded that allene did not isomerize during its 
passage through sodium hydroxide pellets and again that methyl acetylene 
was not present in the allene gas. 
Excess of allene and phenyl azide were reacted at 100° for 3 weeks. 
At the conclusion of the experiment, the remaining gas (2l•OO ml) in the 
autoclave was passed through the mercuric test reagent at 0°. No precipi-
tate was observed in the reagent bottles. This showed that there was 
less than 8. 9 x 10-8 mol of methyl acetylene present in the 2L•OO ml of gas 
left at the end of the reaction. This implies that none of the products 
is formed from methyl acetylene and that no isomerization of allene had 
occurred during the reaction. If methyl acetylene were being formed 
from allene during the reaction it 'vould seem likely that a detectable 
least 8.9 x lo-8 mol) would remain unreacted at the end of the 
reac tion. The possibility does exist , however, that once the methyl ace t ylene 
17 
forms it is so much more reactive toward phenyl azide than allene that 
its concentration never reaches a detectable level. Huisgen has made 
the observation that there is no significant difference between reaction 
63 rates of alkenes and substituted acetylenes toward phenyl azide. This 
\o/OUld seem to make a huge reactivity difference of allene and methyl 
acetylene toward phenyl azide extremely unlikely. By analogy with 
slkene- aryl azide reactions, 14 one can assume second order kinetics for 
the reactions of allene or methyl acetylene with phenyl azide. Since 
approximately 0.1 mol of allene is used in the reactions with phenyl 
azide and less than 10-7 mol of methyl acetylene can be detected, the 
t·eactivity of methyl acetylene toward phenyl azide is required to be at 
6 least 10 times greater than that of allene toward phenyl azide for fuethyl 
acetylene to be formed in the teaction medium and to remain at undetec-
!:able levt!ls. 
I''urther evidence excluding the involvei'nent of methyl acetylene 
in the allene-ph~nyl aiide r aact i bn was sought by e~amining the reaction 
of me-i:hyi acetylEme and ph<oinyl a d de. Exces s methyl ace t:yletle artcl phenyl 
azide were reacted in an au t ocl ave at 100 4 for 3 drtys . '.the Uc df the 
crude product gave two spo ts with Rf values 0. 57 and 0. 48. The ninr spe c·~ 
ttum of the crude product showed the r~sorlari~e of two sharp singlets at 
J 2.38 and 2.42, and also resonance in the aromatic region. These 
appeared to be dtle to the methyl resonance of both tdazoles 20 and 23. 
However, when the two frac t:l ons c orrespondJ ng to the tlc spots totere 
separated by silic:a gel chromatography, 4- me thyl- 1- phenyi-1, 2, )~triazole 
(20)_ was obtained i n l16% yi e ld and was iden t H :Led by comparison of its i r 
and- nmr spectra with an authentic sample, A liqufd (2 g) tv'U also obta:i.ned 
from the fraction corresponding to the second tlc spot (Rf 0.48). The 
liquid fraction showed a resonance at S 2.38 identical to the methyl 
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resonance of compound ~· However, the aromatic resonance showed a com-
pletely different pattern compared to the simple resonance in the spectrum 
of triazole 23. In addition to the' 3 proton peak at S 2. 38, the liquid 
sample showed a peak at o 7. 3 with a total area of 6 protons, a multiplet 
centered at S7.7 with a total area of 4 protons, and a sharp singlet at 
b8.08 with an area of 1 proton. n2o was added to the nmr tube contain-
ing the liquid sample, but the chemical shifts were not affected. The ir 
spectra of the samples were also different. Tlc spots of triazole 23 
and the unknown liquid were developed on silica gel using benzene:ether 
solvent system, but the Rf values were the same. When one attempted to 
see if any 23 was present in the liquid by examination of the nmr spectrum 
of the liquid, no decisive conclusion could be reached, because both have 
same upfield resonance (0 2.38) and' the peaks in the aromatic region over-
lap. The mass spectrum (MS- 3) for this liquid show·ed a parent ion peak 
at 203 which is more than the mol. wt. (159) of triazole ~· The elemental 
analysis showed a greater percentage of nitrogen than expected for a phenyl 
methyl triazole. The nitrogen analysis did suggest a phenyl azide methyl 
acetylene adduct in a 2:1 ratio. Further work is needed to elucidate the 
structure of this liquid. All attempts to get some evidence for the 
presence of triazole 23 in the liquid were not successful and were incon-
elusive. 
The nmr spectrum of a fairly concentrated solution of the crude 
product obtained from the reaction of phenyl azide and methyl acetylene~----
---------- ,. ,.. 
did no t give any resonance between •) 1. 0 and ;) 2 , which shmved that no 
19 
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appred.able amount of compound ll (less than 4.4 x 10 mol) could be present 
since 27. shows a sharp singlet for its 4 cyclopropyl protons at S 1..2 The 
formation of 4- methyl- 1- phenyl- 1,2,3-triazole from methyl acetylene and phenyl 
azide can be conceived as occurring by the t r ansitton state shown in Scheme 1.0. 
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Scheme 10 
Triazole 20 is formed predominantly in the reaction of methyl acetylene and 
phenyl azide and no conclusive evidence for the presence of triazole 23 
was obtained in this r eaction. This suggests that the mode of otientation 
observed is the result of steric control. 
There is lib evidence to support any significant i.nvolvement of 
tnethyl acetylene in the phenyl azide-allene reaction. No methyl acetylene 
was present in the excess allene gas left a f ter phenyl azide reacted 
with ailene. '.the pi:'odtict distribution frotri the allene- phenyl az:i.de reaction 
is very differ~nt than the product distribution in the methyl acetylene-
phenyl atide react :lon. In panicular 1,1- dianilinocyclopropahe (.£1) is 
obtained in the foJ~mer bu t is absent i.n thf! latter reEtc tion. Compound J:."L 
can also be accounted for as aris ing from allene much more readily than 
from methyl acetylene. The yield of triazoles 20 and 23 are about the same 
(22.5% each) in the allene- phenyl azide reaction. Only 4- methyl- 1- phenyl-
1,2,3-tr:lazole (~Q) was isola ted from the methyl ace tylene- phenyl a.zide 
reaction and i n 46% yield. No evidence for the presence of t r iazole 23 
in the pr oducts from this ·eac.t:lon was obta:lned. S me may have been 
present, but cer tainly not in an amount anywhere near equivalent to 20. 
I 
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A reasonable mechanistic pathway for the formation of products 






Sc heme ll 
Triazolines ..!2_ a nd ]1_ hav e pr eviou s ly been discussed as precur-
sors to the more sta ble i somer ic t r iazoles 20 a nd _? 3, r e spectively . The 
isomeriza t ion of the triazo line s to the triazole s probably occurs by a 









Base :ll !(light be phenyl a z ide or 1,1- dianilinocyclopropane (27). 
The latter would be expected to be 1nore basic compared to phenyl azide. 
The driving forc e for the isomer i zation of the triazolines is the forma~ 
tion of the tnore stable aroma tic triazole heterocyclic ring. 
In compet:it:ton with isome rization to 11, triazoline ll cari react 
with another phenyl azid e molecule to give _? 5 . Enamities are kn own to be 
60 
very r~acti.ve tb aryl a z i.des, a nd since c ompound .22 is an enamine its 






Transition state 24 would be expected to be very stable Hince 24a can be 
an important contributing structure. The partial positive charge on the 
central carbon atom of the allene fragment will be stabilized by the 
participation of the lone pair of electrons on the nitrogen atom. The 
spiro bistriazoline would be expected to undergo the loss of nitrogen 
relatively easily, since triazolines are known to lose nitrogen molecules 
at temperatures as low as 80°. 13 •15 Upon the loss of two molecules of 
nitrogen, tetraradical 28 may be formed as an intermediate prior to 
formation of diradical 26 . 
28 
This diradical can then abstract hydrogen atoms from the medium to form 
27. Ther~ are three main sources of hydrogen atoms available: a) benz ene 
(solVent); b) allene (excess ), c) the two triazoles; The i:riazoies would 
be good hydrbgen atom donors because if a hydr ogen is abstracted from 
the methyl group c>f the side chain, the resultant radical can be resonance 
stabilized. 
Allene is prese11t in eJ(cesa in the reaction. It should be a reasonably 
good hydrogen atom sourte. Propargyl radical formed updn loss of ~ 
h d - li 64 y rosen atom haa reasonably good resonanca stabli · zation. 
65 
Due to the instability of the phenyl radical benzene i s the least 
23 
likely hydrogen atom source even though it is present in the largest con-
centration. Although these radical intermediates are plausible for the 
formation of ll._, no evidence for these intermediates has been obtalned, 
and othe r alternative pathways are possible from ~ to 27. 
The two competitive pathways by which phenyl azide and allene 
react lnvolve formation of transition states 18 and l! (Scheme 11). Tria-
zole ~Q, and possibly compound '}J_, are the end products of the pathway 
involving transition state 18, while triazole Q and 1,1- dianilinocyclo-
propane (2 7) are both end products of the pathway involving transition 
state 21. Presumably the reaction is kinetically controlled and the 
relative amounts of the products of the two pathways are a reflection of 
the relative stability of ..:!.& and 21. The relative amounts of products 
indicate that transition state 20 is favored, but only slightly. It is, 
therefore, evident that these two transition states are of tomparable 
energy. 
'l.'ransitJon state 18 has developing C= C and N=N f/-conjugation and 
partial positive charge ori the t e rminal prillmry carbon atom from the 
original 4llene. This positive tharge is not stabilized by allylic 
.. 31,33 
resonance. 
TransiU.on state 21 ltas no C=C and N=N cot1jugation developing, a 
less favorable interaction of the phenyl group wi.th the allene methylene 
than it'l 18 and part:i.al posHive charge on the vinylic carbon of the origi-
nal allene. Even though the ionization potential o£ the cortesponding 
radicals ('fable 1) indicat&.a thc:lt a primary carbon:l.urri ion is considerably 
more stable than ~ Vinyl c wr.bonJum, the partial poa :ttive charge on the 
primary carbon of 18 should be destabilized by the adjacent non-conjugated 
24 
carbon- car bon double bond . This destabilization may be rather large since 
a detailed study of the elect r ophilic addition of hyd r ogen halides to 
allene has resulted in produc t s which have been rationalized exclusively 
. 31- 33 










Ionization potentia l 
(kcal mole- 1) 
205.5 ± 1.2 
182.2 ± 1. 2 
217.9 ± 1.2 
Only products res1llting from a trans ition state analogous to 1& 
have been observed for the r eaction of phenyl azide w:lth symnietrically 
di- and t etra~tibstitutea a llenes . These t r ansition st~tes would in~olve 
poQitive charge stabiliza t ion at the rela tively favorable secondary and 
ter tiarY: carbon at:onis, i·es J)ec t i Vely. Conju gation and steric effects are 
less f avorabl!! fo1~ 21 than for 1§.· 'l'he fi nding thut t he forma U.of1 trane:l. ~ 
tiori state 21. has become an 1mpdrtant pathway whert tlil:! unsubs titu i.:: €:id 
allene i.a t he r eac t:an t i nd Jcat es t ha t e l ectronic effects plaY the nmjor 
role in the aryl azide- allene t rans ition s t~ t es. 
carried cut with ~ thyl acetylene and a s light ekceaa of phenyl a11d• at 
100~ ~or 5 days. The produc t ob tained f r om t he reaetibn was distilled to 
give 5 -e t;hy1- l.-pht.myl-1,2, 3 ~· triazo le (30) 1 .12% yie ld, and al iil o a :U.quicl. 








. The mass spectrum showed a parent ion peak 
at 173. The ir spectrum (IR- 6) showed an abso r ption band at 3050 cm-l 
-1 1 
(=C- H), a band at 2950 em (C- H), and a sharp band at 1600 em- (aromatic 
c--c). The nmr spectrum (NMR- 6) showed a triplet centered at & 1.24 for the 
3 protons of the methyl group and a quartet at S 2. 7 accountlng for 2 
protons of the methylene group. The quartet and triplet pattern is con-
stant for adjacent methyl and methylene groups. A singlet with a sharp 
shoulder appeared at & 7.5 with an area of 6 protons (5 phenyl protons and 
1 proton on the heterocyclic ring). The resonance pa t tern in the aromatic 
region was similar to that obtained for triazole n_. It 'Was thus tnost 
likely that the ethyl subst i tuent was pres ent at positibn 5 of th~ hetero-
cyclic ring. The uv spectrum of 30 gave A 205 nm (E. 15277), 222 nm max 
( € 11310). By comparison the uv spectrum for /~-inethyl-1-phenyl-1, 2,3--
triazole (20) shows /'\ 207 nin ( 15484), 250 nm (E 9734) arid that of 
max 
5-methyl- 1-phexiyl- 1,2,3- tr:f.azole (ll) gave )\ 207 nm ( € 15000) , 223 
max 
(£lj918) . The sam~ pattern in the ar6ma t ic region of the n~t and the 
nm 
very situ:Uar uv spec trum df t his ethyl t da :.1 ole compar ed to _23 establishe tl 
it as _5 ... e thyl- l ... phenyl- l,2 1 J - t:dazole (lQ) • The uv spectra and thQ aromil"'" 
tic reg:Lon of the nnir spec t r a are compared f or compounds 20, ll• lil"td 30 
in Table s 2 and 3. 
Ta ble 2 
UV SPECT~ OF THE __ ALKYL-;- l -:£l!ENYL~1, 2 ,3 -·T RIAZOLi~S IN_ }1;1'1-IANOL SOLU1'l0ti_ 
alkyl-l-·phenyl- 1 ~ 2 y 3- triazol e s (nm) E 
m:Ln 
(ntn) £: max 
5- methyl. (~]) 207 15000 223 13918 
5- ethyl. (}.0) 205 15277 222 11310 
4-methyl. (20) 207 15484 250 9734 
Table 3 
AROMAT IC REGION OF NMR SPECTRA OF ALKYL- 1- PHENYL - 1, 2, 3 - TRIAZOLES 
alkyl-1- phenyl- 1,2,3- triazoles 
5- methyl. (_ll) 
5- ethyl. {lQ_) 
4- methyl. (20) 
chemical shift ( S ) 
7.5-7.6 ( s) 
7.5- 7.6 (s) 






Triazoles 23 and 30 have uv absorption maxima and mi nima i dentical 
t o eachother at 207 nm and 224 nm. The rtmr spectr a in both cases show a 
single t with a shoulder at ~ 7.5. The uv absorption maxima and minima in tri :.:.. 
azole ~Q appear a t 207 nm and 250 nm, respectively, and its nmr spectrum 
shows a doublet at S 7. 4- 7. 6 and a poor ly r esolved tr i ple t at 6 7. 6- 7. 8. 
These structur~i differences between triazoles 23, 30; and 20 can be 
attributed to the St erle f ac tor between the ~ethyl groups on the triazo1e 
ring and the phenyl gr oup . The methyl and phenyi groups in triazol e Q 
and the e thyl and phenyl groups :i.n triazole 3Q are on ad j acent atoms , and 
would be ~kp~c t ed t b be s t• r i ca lly hindered i Due t o the i r st~fic hindtanQI 
the ph~rtyl t :ing aoct t he t r {atole r i ng would ba l onger be conj ugated wi t h 
eachothet . thus th(~ pheny l. ptotons would ~how ider~tinal chQmica l ~hift e;. 
However, ther e is no such ster:i.c factor operating it1 t he case of ,, ... methy l .. 
1- phertyl- 1,2,3- triazole, t herefore the triazole ring wi ll be conjugated 
with the phenyl r i ng. Thi s conjugation wou l d affect t he or' tho pr otons 
more than the ineta and par a pro t ons , and as a res ult different chetnical 
shifts would be e:x:pec t ed fo r t he phenyl protons of triazole l.Q.. The nmr 
and uv spe ctr al dtlt a of 4- tu*ilt hyl·-1- phenyl- 1,2,3-t riazole ( 20) :i.s consisten t 
with s uch a conj ugated s tructure . The s t eric hi ndrance can t her efore be 
t he cruc i a l factor f or the spectra l diff erences between 4 and 5 substitu ted 
27 
triazoles. 
The following can be conceived as the reaction mechanism for 





The forruat:l.on of compound 30 is most reasonably pictured as occuring 
through transition state ~2_. This direction of addition would provide the 
best stabilization of the partial positive charge in the transition state. 
The nature of the liquid jJroduct obtained in this reaction is not known, 
and may be the result of the initial addition of phenyl azide to ethyl 
acetylene in the opposite direttion; hbwever~ it was not investi~ated 
furthet. the triaz oles isolated from the methyl gcetylene and the ethyl 
acetylene reactiortl:l, 20 and JO respectiv~ly J ate ~~ t:-esui.t of oj:>(:JtHlite modt!s 
of phenyl azide addition to the ace i:ylenic bond. rurther itwestigation is 
needed to clarify this apparent discrepancy. 
The it' spectrum (IR- 7) of the liquid ptoduct isolated from this 
- 1 
reaction showed an absorpUon band at 3150 em (=C~H) and also at 2950 ·tn-l 
(C-H) and a sharp absor.pdoi1 band at 1600 cm""'1 (aromatic c.:;c). The nmr 
spectrum showed a triplet at S 1.24 and a quartet at S 2.7, but the 
resonance in the aroma t ic t:egion cons is ted of a peak centered at S 7. 3-7 • .5 , 
accounting for the area of 6 prot.:ons, a triplet shaped resonance at & 7.6-
7.9, accounting for the area of 4 protons, and a sharp singlet at S 8.18 
28 
with an area of 1 proton . Th e uv absorption maxima appeared at 209 nm 
with a shoulder at 243 nm which is similar to the uv spectrum of 4- methy.l-
1-phenyl- 1,2,3-triazole (2Q). More work is required to determine the 
structure of this liquid. 
1, 2-Heptadiene JYreparation and structural assigpy1ent. 1, 2-Hepta-
diene was prepared by the addition of methyl lithium to an ethereal solution 
of 1,1-dibromo-2-E_-butyl-cyc lopropane at a temperature below 0°. After 
the usual work- up the organic phase was dis tilled to give 1, 2-·heptadiene . 
-1 The ir spectrum (IR- 8) showed an absorption band at 1950 em which 
characterizes (C=C=C) the a llenes. The nmr spectrum (NMR-8 ) showed 
resonance at & 1.08 accounting for 3 methyl protons, ~ 1..58 for 4 protons , 
a btoad absorption at E 2.1 for 2 protons, a poorly resolved multiplet 
at ~ 4. 8 for 2 protons, and a pentet at S S .1 accounting fdr one proton 
which j .s consistent with the 1,2-heptadiene structure; 
Reaction i:!I _phenyl_.!lzide with 1, 2-:tiep tadielli:_. Excess of 1,2-heptr '-
diene ~aa reatted with phenyl at ide artd re f luxing bQnlene for 3 days. Thl 
crude ~r6duct sho~ed 3 tlt spots with Rf values 0.16, 0.26, and 0.54. 
The various fractJons corres pondJng to the various sr1ots were isol.ated 
using ~ilica gel chr omatogrdp hy . The first fraction (0.2 g) and t he last 
fractiort (0.5 g) were liquids. The i r spe tra of both these liquids 
showed absorption at 3500 cm- l (iwssibly N ~·H or 0·41), 2980 ctn·· l (C ... H), 
a medium absorption band at 1690 cm- 1 (probably C=O), and a sharp absorptton 
band at 1600 cm- 1 (aromatj.c c ;.;. C) . The mnr spectrum of the f:trsc fract:J.on 
with Rf value 0,5Li showed upfield resonance between S 0. 7-1.4 (the integral 
29 
area of a multiplet corresponded to 60), resonance at ~ 2. 2 (s, integral 
area 8), resonance centered at 6.8 (t, integral area 16), and a multiplet 
between S 7.0-7.4 corresponding to an integral area of 28. The tlc showed 
that the fraction was impure, hm~ever it was not investigated further. 
The second fraction upon evaporation of the solvent gave a solid 
(0.065 g) which was recrystallized to give 0.018 g of crystals (mp 100-101°). 
The mass spectrum of an analytical sample showed the parent ion peak at 
229. 
-1 
The infrared (IR-9) showed absorption at 3050 em (=C- H), a sharp 
- 1 -1 absorption band at 1690 em (C=O), and a band at 1600 em (aromatic C-C). 
The nmr (NMR-9) spectrum showed a triplet centered at S 0.98 accounting 
for the integral area of 22, a multiplet centered between ~ 1.1-"1. 8 
accounting for the integral arsa of 36, a triplet centered at S 3.14 account -
ing for the integral area of 13, a doublet at b 7.5 accounting for 3 protons 
of the phenyl ring, a multiplet centered at 7.86 for 2 protorts of the 
phenyl ring, and a sharp singlet at S 8.6 for a single proton. The mass 
spectrum showed a parent iott peak at 229 which can best be accounted for 
if we consider t hat the molecule ha~ a carbanyi group in it (MS- 4) The 
infrared ~pectrum (1R- 9) wtiuld also be in accordance with such a tompound 
. - 1 
since a conjugated carbonyl Btoup would absorb around 1690 c111 1:he 
following structural possibility is suggested in accordance w1th the 
interpretation of the spectra . 
the third fract ion ~orresponding to Rf value 0.16 weighed 0.5 g. 
Its tlc spot indicated an :i.mpurity in the sample. The nmr spectrum gave 
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resonance between r 0.9 - 2.0 (m, integral area 74), resonance between s 2-3.2 
(m, integral area 32), and also aromatic resonance centered between S 7.5-8.1 
(m, integral area 56). This fraction was not investigated further . 
CHAPTER Ill 
EXPERIMENTAL 
All melting points a r e corrected and were determined with a 
Thomas- Hoover Uni- Melt capillar y melting poin t apparatus. 
Thin- layer chromatogr aphy (tlc) plates (0 . 2 mm) were prepar ed 
67 after the ntethod recommended by Pasto and Johnson, from Silica Gel H 
(EM Reagents, Brinkman Instrument Inc.). The plates were prepared just 
before use and were used w:i.thout any further pr ocessing. The developed 
plates were placed in a jar containing iodine crystals until the spots 
were clearly visible. the Rf values were r e corded from the origin of the 
spot to the center of the developed spot. the amount of the material 
spotted varied, and rto attempts were made to be quantitative, unless 
otherwise reported . ' 
Silica gei, F-- 2 5 4 ~ precoated preparative thick.., layer chromatography 
plates (2.0 nun, E Me rk) wer~ streaked with a known weight of material, 
after the plates wer e ac tiv'ated in an oven a t 120° fo r more than 6 hr. 
They were developed wHh the solvent indicat ed , The bands were made 
visible by UV light . The sol ution of a known t.7eight was applied uniformly 
with an automatic device . 1'he plates were kept war m during the ap plica--
tion of the solution 1 wh:i.ch f ac ilitat ed th ~:t evapot'atitJtl ot the solvent. 
Adsorption chroma t ogr aphy colurnnG w~re made after the me thod 
reconunended by Pas to and Jollnson .67a Activated alumi num oxide, 80- 200 mesh, 
type F- 20 chromatographic grade (Ha theson, Co l eman & Bell) and si.li ca gel 
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powder, 60-200 mesh, suitable for chromatography (J T Baker Chemical Co.) 
were used for packing columns. The length and diameter of the columns 
varied depending on the size of the sample, but were at least 14 in. long 
in each case. The solvents used for elution were benzene, benzene:diethyl 
ether (1:3). In all cases reagent grade solvents were used. The frac-
tions collected from the column were isolated by evaporating the solvent, 
and the product \vas weighed. Chromatography fractions were combined when 
it could be shown by tlc or melting point that t\vo fractions contained 
the same compound. All solvents used for recrystallization or with which 
the reactions were carried out were either spectrophotometric grade or 
purified according to the method recommended in the literature. 68 Anhy-
drous ether was dried over dri-Na (Baker analyzed Reagent) for more than 
24 hr or refluxed and distilled over sodium metal. 
Distillation pressures were recorded on a manometer (\<Ihen using 
a mechanical pump equipped with a pressure regulator) and on a McLeod 
gauge. 
The gas liquid chromatography (glc) was carried out on an Aero-
graph, A-90-P gas chromatograph (Varian Aerograph Inc.) utilizing a 
6 ft. x 0.25 in. aluminum column, packed with 3% OV-17 on varaport 30-60 
mesh (pretreated with disilazane). Retention times are recorded in 
minutes. The helium flow rate was 50 ml/min. The retention times noted 
were measured from the sample injection (zero minutes) to the peak maxima. 
Infrared "(ir) spectra were obtained using either a Perkin Elmer 
model 137 or a Perkin Elmer Grating infrared spectrophotometer model 337. 
All liquid samples were run neat between sodium chloride plates. The 
soli d samples were run as potassium bromide pelle t s . All absorptions are 
- 1 reported in units of em 
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Ultraviolet (uv) spectra were obtained using a Perkin Elmer spec-
trophotometer model 202. 95% Ethanol was used as the solvent for all runs. 
Nuclear magnetic resonance (nmr) measurements were made at 100 'HHZ 
on a Jeolco MH-100 spectrometer. Samples were run as 20-25% (w/v%) solu-
tions in CDC1
3 
or cc14 with 1% tetramethylsilane (TMS) as an internal 
standard at the operating temperature of the instrument (ca. 30°). 
Chemical shHts are reported in - units relative to TMS. The physical 
constants and descri.ption of the nmr data follows the form recommended 
for authors by the editors of Journal of Organic Chemistry.
69 
The author is indeb ted to the mass spectrometry laboratory at the 
University of Cali fornia at Berkeley where the mass spectra were obtained 
using an AlE MS-12 mass spectrometer. 
Carbon, hydr ogen, and nitrogen analyses were carried out by 
Chemalytic Inc., Teli1pe, Arizona. 
The molecular wejght determination by vapour ptessur~ osmometry 
was carried out by Galbraith Labora tories at Knoxvi lle, Tennessee . All 
samples Bent for analysis w·ere dried under r educed pr essure at 56u. The 
purity of the samples was E!atablished by de and by the physical eonstant fJ 
~uch as melting point in th~ caSe of solids. 
The following chemicals were used as receiVed: hydrochloric acid 
(Matheson Sci:entiUc; ), magnes ium sulfate anhydrous (Hatheson Coleman & 
BelU, p~trolaum ether (Allied Chemical), mercurit thloride (Baker analysEd 
Reagent)1 and ethyl acetoace tate (Matheson Colemart & Bell). 
Allene, ethyl ace tylene, and methyl acetylene gases were snppHecl 
by Linde Division of Union Carbide It'lc. and were us ed as received. All 
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spectra-grade chemicals were used as received. 
Phenyl azi.de. The organic synthesis procedure 70 was used for the 
preparation of phenyl azide. In a 2-liter, 3-necked flask equipped with 
a mechanical stirrer, an addition funnel and a thermometer, was placed 
600 ml of water and 138.7 ml of 12M HCl. The flask was cooled to 0° in 
an ice bath to which sodium chloride was added. .To the stirred mixture 
was added dropwise phenylhydrazine (83.7 g, 0.93 mol) over 0.5 hr. White 
plates of phenylhydrazine hydrochloride were formed. After the addition, 
as stirring was continued, ether (250 ml) was added. After 5 min sodium 
nitrite (62.5 g, 0.9 mol), '"hich had been previ.ously dissolved in 75 ml 
of distilled water, was added dropwise over a period of 45 min. The 
temperature was kept below 5° . The reaction mixture turned brovm and 
the hydrochloride plates disappeared. Stirring was stopped and the reac-
tion mixture was subjected to steam distillation until about 1000 ml of 
distillate was obtained. The ether layer was separated from the aqueous 
phase and the aqueous phase \\'as extracted with ether (3 x 50 ml). Ether 
extracts were combined wHh the organic phase. It was dried (CaC12), 
filtered, and concentrated to give the distinct smelling (55 g) product, 
which was distilled under reduced pressure. The temperature of the oil 
bath was kept below 60°. The fraction, bp 32-·35°/2.5 mm (lit70 49-50°/5 mm), 
was collected to give 50 g (55%) of the light yellow phenyl azide. It was 
stored in a brown. screw capped bottle at -10°. ir (neat) 2130 cm-1 (1it
57 
2160-2120 cm-1). 
Reac tion of allene w:l.th phenyl az~de_ . This experiment was performed 
35 
seven times. In a typical experiment phenyl azide (4.0 g, 0.034 rnol) and 
15 ml of benzene were placed in a clean, dry autoclave (capacity 200 ml). 
The autoclave was equipped w:ith a pressure gauge, nitrogen inlet, and an 
outlet. All the screws of the autoclave were oiled . Silicone greased 
teflon seals were also used. Allene gas (8 g, 0.2 mol) was condensed in 
a pyrex glass tube at - 78°. The tube was cleaned and dried from the out-
side and very quickly placed into the autoclave. The system, flushed with 
N2, was closed and the autoclave was immersed in an oil bath (preheated to 
100 t 5°). The oil bath was equipped with a long magnetic stirring bar. 
The autoclave was cooled to room temperature after 3 weeks, and the brown 
dense liquid was concentrated in vacuo to give 5.8 g. of the crude product 
(NMR-10). Thin- layer chromatography showed five spots with Rf values 0.19, 
0.32, 0.64, 0.81, and 0.95 (benzene system). Subsequent wotk shows that 
the spot with Rf 0.32 corresponds to 5-methyl-l-phenyl .... l,2,3"'" triazole (23), 
with Rf 0.64 corresponds to '• - methyl- 1- phenyl-1,2,3- triazoie (20) ; with Rf 
0. 82 corresponds to 1, 1-dianllit1ocyclopropat1e (.ll), and the other spots 
were not identif1ed. This entit.'E product was passed through a 14 in. long 
column packed with SS g of d lica &eL 'I'M first tt-io fractions wilire 
collected w:l.th benzen~ aa il!luant, Add ic:tonrt1. fract:ions were eo1li!.e ted with 
ether:benzene (3 :1). After the evaporation of the solvent from the 
various fractions, the products were either obtained directly or obtained 
from petroleum ether e~tracts of the fractions. 
The first fractiort was a liquid and weighed 0.029 g; no attempt 
was made to identify it. 
Evaporation of the benzene from thG second fraction yield~d a 
light yellow solid weighing 0.68 g (9%), mp 140-142". It was recr ystal-
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lized from petroleum ether (30-60°) to give 0.39 g of white, fluffy 
crystals, mp 142-14-3°. Thin-layer chromatography, however, showed a spot 
with a tail. Repeated recrystallization from petroleum ether (30-60°), 
n-hexane and 95% ethanol, neither raised the melting point nor eliminated 
the impurity causing tailing of the tlc spot. A 2 ml benzene solution of 
this sample (100 mg) was spread on a precoated preparative thick-layer 
(2.0 mm) silica gel plate. Benzene was used to develop the plate, and 
th~ band was made visible by ultraviolet light. The band was removed 
mechanically and extracted with benzene. The benzene was evaporated 
under reduced pressure to give 0.045 g of white product. It was recrystal-
lized from petroleum ether (30-60°) and yielded needle shaped crystals of 
1,1-dianilinocyclopropane (~which showed a single tlc spot. mp 143-144.5°, 
(1it 58 144-144 . 5°); ir (IR-1) 3400 (N-H); nmr (NMR-1, CDC13) 81.2 (s, 4 H), 
4.95 (broads, 2 H), the resonance at 4.95 disappeared after n2o was added 
to the nmr tube and shaken, 6.64-6.88 (d, 6 H), 7.15-7.3 (t, 4 H); m/e (l"lS-1) 
225 (M+ + 1, 2.44%), 224 (11*", 14.5%),132 (M+- c6H5NH, 100%). Anal. calcd. 
for c15u16N2 (Mol. wt. 224): C, 80.35; H, 7.14; N, 12.50. Mol. wt. by 
vapour pressure osmometry= 220. Found: C, 80.25; H, 7.30; N, 12.42. 
The third fraction was concentrated to yield 2 g of an oily liquid. 
This oil vlas repeatedly extracted with 10-25 ml portions of boiling petroleum 
ether (30- 60°). All the extracts were combined and cooled to -10° for 
2 days. White rounded balls of 4-methyl-1-phenyl-1, 2, 3- triazole (20) ~vere 
formed and were collected on a filter paper to yield 0.053 g (1%), mp 79-80°. 
The triazole was recrystallized from petroleum ether (30- 60°) to give pure 
white crystals. mp 80-81° (lit59 , 71 80-81°); ir (IR- 2a, b) 3150 (=C- H); 
nmr ( Nl.'tR-·2, CDC1
3
) ~- 2. 42 ( s, 3 H), 7 . 4- 7.6 (d , 3 H) , 7 . 6-7.8 (broad poorly 
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"1 206 nm ( ~ 15484), 250 nm ( (; 9734); 
~'max 
resolved t, 3 H); uv (c2u5
ou), 
m/e (MS-2) 159.15 (M+, 2.69%), 131.5 (~- N2 , 53%), 116 (~1+- CH3N2, 1.48%), 
77.12 (~t - CII3N3 , 100%). The nmr and ir of this triazole were identical 
with an authentic sample triazole which l\fas synthesized in this laboratory 
. 60 
following the procedure of Hunk and Kim. The mixed melting point shm.red 
no depression. The triazoles prepared by the two different methods were 
mixed and dissolved in benzene; a tlc was developed and showed only a 
single spot. 
The fourth and fifth fractions were concentrated to give a dark 
brown oily liquid weighing 2.3 g. It was extracted with 10-25 m1 portions 
of petroleum ether (30-60°). The petroleum ether (30-60°) extracts were 
combined and cooled to -10° resulting in 0.032 g (0.6%) of white plates of 
5-methyl-1-phenyl-1,2,3-triazole (23), mp 60-62° (lit59 63-64°). Recrystal-
lizatiqn from petroleum ether (30-60°) raised the melting point to 62- 63.5°; 
ir (IR-3) 3150 (=C-H); nmr (NMR-3, CDC13) b 2.38 (s, 3 H), 7.5-7.65 (s, with 
a small shoulder , 6 I-I) ; uv ( c2n5oH) , A 207 nm ( E 15000) , 223 nm max 
( E 13918). The same compound has been synthesized following the procedure 
71 59 
originally reported by Dimroth and adapted by Khadem. The nmr and ir 
spectra in both cases were identical, the mixed melting point showed no 
depression, and tlc showed a single spot. 
Some experimental runs of the allene-phenyl azide reaction were 
carried out in sealed pyrex glass tubes . The experimental procedure 
adopted by Dimroth72 and by Chattaway and coworkers73 was followed in these 
sealed glass tube experiments. Phenyl azide (2.0 g, 0.017 mol), and xylene 
(15 ml) were placed in a pyrex glass tube (10 in. x 0.5 in.). The tube 
was cooled to 0° . Allene gas (approx. 0 .4 g) was bubbled throu~h the 
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liquid in the tube for 10 min. The tube was then placed in methanol and 
dry-ice, and was sealed while the tube was still being cooled. After it 
was sealed, it vJas removed from the cooling bath and allowed to warm to 
room temperature, and was then immersed in a preheated oil bath at 
100 ± 2°. The reaction was carried' out for one week. Similar experiments 
were performed at 70 ± 5° for various lengths of time (from 7 days to 
3 weeks). The nmr and tlc analyses of the crude products were nearly 
identical in all cases. The same products were obtained whether the 
product isolation was performed in the sealed tubes or the autoclave. 
In a separate experiment allene gas (4.0 g, 0.1 mol) was passed 
through an alkaline solution of the K2Hgi 4 reagent at 0°, passed through 
NaOH pellets, and then condensed and charged into the autoclave ~.rhich 
contained 4.0 g of phenyl azide in 20 ml of benzene. The reaction was 
carried out for one week at 100 ± 5°. The autoclave '~>las then cooled to 
room temperature. The nmr spectrum and tlc indicated that the product 
obtained after the evaporation of the benzene was identical to the prod-
ucts obtained in the previous experiments. 
Another experiment was performed in which allene gas, after 
being passed through the alkaline solution of K2Hgl4 reagent at 0° and 
then through the NaOH drying agent, was again passed through the alkaline 
solution of K2Hgi4 reagent. No precipitate was observed. This was an 
indication that no isomerization of allene to methyl acetylene had occurred 
during the passage of allene through the NaOH drying agent. 
Mercuric test reagent. for the terminal acetylenic group.62 Nercuric 
chlor ide (19.8 g, 0 .073 mol ) and po tassium iodide (L;8 . 9 g, 0.294 mol ) vas 
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' dissolved in SO ml of distilled water. The solution turned greenish 
yellow, and all the mercuri.c chloride dissolved after the mixture had been 
stirred for 10 min. It was cooled in ice, and then an ice-cold solution 
of 3'7.5 g of sodium hydroxide dissolved in 380 ml of water was slowly 
added wi.th stirring. 
In one of the reacti.ons in which phenyl azide was reacted with 
excess allene at 100° for 7 days, the remaining gas was tested for terminal 
acetylene (methyl acetylene) at the conclusion of the reaction. Two 
100 ml gas washing bottles equipped with a gas inlet (tube reaching to 
the bottom of the bottle) and an outlet were cooled in ice and filled 
with the mercuric test reagent (K2Hgi 4 + NaOH) . One of the bottles was 
connected to the autoclave. and the two bottles were connected to each 
other. The remaining gases were released from the autoclave, passed 
through the gas washing bottles, and collected . The volume of the gas 
was 2400 ml. 'there was no precipitate formed in the reagent bottles, 
indicating the absence 6£ tetminal acetylene . 
ing lltbOWltS of methyl acetylette 'Wer e injected with a 50 m:tcrolitet' syringe 
into the K2rtgr4 solution to determine the practical detectabili ty limits 
using the reagent. A direct: i nj ection of 50 mictolttets of m~thy:l acetylene 
gas into the mercury reagent resuited irt a solid tloatirtg to the Etutface. 
An observable precipitate wl:l8 a1!1o f ormed \\lhen 5 nettJ:trJ l:t ters of methyl 
acetylene gas was injected :l.nto t he liletcury reagent, however less than 2M ~ 
of the gas did not lead to a clearly discer nable precipitate . 
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Propionaldehydepiperidine enamine (_11). 74 To a 500 ml round bottom 
3-necked flask equipped with an efficient mechanical stirrer, addition 
funnel, and nitrogen gas inlet, was added freshly distilled piperidine 
(42.5 g, 0.5 mol) and anhydrous potassium carbonate (138 g, 0.1 mol). 
The flask was cooled to 0°. To the' stirred mixture was added drop\vise 
{8-10 drops/min) freshly distilled propionaldehyde (14.0 g, 0.24 mol). 
After the addition the stirring was continued for 3 hr. The stirring was 
stopped, the mixture suction filtered, and the solid washed with ether 
(2 x 50 ml). The filtrate was concentrated and distilled under vacuum 
using a 10 in. vigreux column, to give 9 g (30%) of propionaldehydepiper-
60 75 idine enamine (31). bp 51-53°/10 mm (lit ' 51-53°/10 mm and 53-55°/10 mm); 
ir (IR-4, neat) 1655 (C=C); nmr (NMR-4, CDC13) S 1.22 (d, 3 H, J = 8 Hz) t 
1.4 (unresolved peak, 6 H), 2.8 (unresolved peak, 4 H), 4.4 (poorly 
resolved d, 2 H), 6.9-7.5 (m, 5 H). 
1-Phenyl-4- methyl-5-(1-piperidino) -l•, 5-dihydro-1, 2, 3-tr i.azole (~2). 60 
The piperidine enamine of propionaldehyde (4 g, 0.032 mol), 12 ml of 
benzene, and phenyl azide (3.8 g, 0.032 mol) were placed in a dark brown 
scre\v capped bottle and allowed to react for 86 hr at room temperature in 
the absence of light with occasional shaking. A syrupy yellowish product 
was obtained after the evaporation of benzene under vacuum. The product 
solidified upon cooling. It was dissolved in boiling pentane and treated 
with decolourizing carbon. Upon filtration white crystals of 1-·phenyl-
4-methyl- 5-(1-piperidino) - 4,5- dihydro-1,2,3-triazole (32), 4.7 g (60%) 
mp 60-61°, were collected. Recrystallization from pentane raised the 
melting point to 61-63° (lit60 64-65° ). 
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4-Methyl-1-phenyl-1,2,3-triazole (.z_o.). Compound 20 (1.5 g, 0.006 mol) 
was added to a solution of potassium hydroxide (6.72 g, 0.12 mol) and 60 ml 
of ethyl alcohol. The solution '~as refluxed for 5 hr, then cooled and 
concentrated under vacuum. The residue was taken up in 100 ml of distilled 
water and \vas extracted with ether (3 x 50 ml). The ether extracts were 
combined, dried (Caso4), and filtered. Evaporation of the ether yielded 
0.33 g (35%) of white crystals, mp 78-80°. Recrystallization from petroleum 
ethE!r (30- 60°) gave crystals: mp 80-81° (lit71 81°); Rf 0.77 (ether:ben-
zene, 3:1); nmr (CDC1 3) &2.4 (s, 3 H), 7.4 (d, 3 H), 7.8 (3 H); uv (C2H50H), 
.A max 207 nm (t 15616), 250 nm ( <fi:; 10000). The nmr and the uv spectra were 
identical with the spectra of the 4-methyl-1- phenyl-1,2,3-triazole (20) 
obtained from the autoclave reaction of allene and phenyl azide (third 
fraction from column chromatography). 
5-Methyl-1-phenyl- 1,2,3-triazole-4-carboxylic acid (]1). 59 To 4 ml 
of a concentrated solution of sodium ethoxide (3.3 g of freshly cut sodium 
metal dissolved in 30 nll of absolute ethanol) was added ethylacetoace tate 
(6.5 g, 0.05 mol). After the solution cooled to room temperature, phenyl 
azide (6 g, 0.05 mol) was added. The solution turned yellow. It was 
refluxed for 1.5 hr, cooled, and then heated to reflux again. A cream 
coloured precipitate formed within a minute of the second heating. The 
precipitate was dissolved in 30 ml of hot water and was made alkaline 
with concentrated. sodium hydroxide solution. The mixture was refluxed for 
1 hr, cooled to room temperature, and 75 ml of water was added follmved 
by the addition of concentrated HCl until the solution became acidic. A 
white p r ecipi tate f ormed and a pi nkish or gani c layer appeared a t t he 
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bottom of the flask and solidified after a few minutes. The precipitate 
was dried at 120° and yielded 9 g (89%) of the 5-methyl-1-phenyl-1,2_,3-
59 triazole-4-carboxylic aci.d (33), mp 1.45- 148° (lit 148°). 
5-Methyl-1-phenyl-1,2,3-triazole (11). 59 Compound 33 (5 g, 0.024 mol) 
was placed in a dried clean pyrex glass tube (10 in. x 0.5 in.) and the 
tube was immersed iu a preheated oil bath maintained at 165-170°. The acid 
melted and the evolution of carbon dioxide gas began. After 0.5 hr the 
evolution of the gas ceased and the tube was cooled. The liquid solidified, 
and the solid mass was removed and recrystallized from petroleulll ether 
(30-60°) to yield 2.4 g (60%) of the 5-methyl- 1-phenyl- 1,2,3-triazole (_~). 
mp 63-64° (lit 71 63- 64°) mnr (CDC13) 52.38 (s, 3 H), 7.5- 7.65 (6 H); 
uv (C2H50H), A max 208 nm ( c 139d3), 224 nm ( -.13235). The nmr arid the uv 
spectra were identical with the spectra of the 5-methyl-1.-phenyl-1;2,3-
triazole ( 23) obta:i.ned frotn the autoclave reaction of aliene and phenyl 
azide (fourth and fifth fr actions from column chromatog1·aphy). 
Relictiot:t ~.f • .]llethy_!._}lt:;,etyiene and ~.E!lJ~P.Y~ a~Jk• Phenyl azide (4 g , 
0.037 mol) and 20 tnl of bew~ene were placed ill a clean and dried rititoclave. 
Methyl acetylene (10 g, 0.25 mol) was condensed in a pyrex glass tube at 
-7811 • The tube was cleaned and dried from the outside and very quickly 
\ 
placed in the autoclave. 1'he system was closed and the autoclave was 
irtunersed in an oH bath lihich had been preheated and ma:i.rttained a t 100 ± 2°. 
After 71 hr the autoclave \Yas removed from the oil bath and alltrwed to cool 
to room temperature. 'the }J roduct was concentrated under vacuum to yield 
5. 6 g or dark brown oily JJ,quid • The irtftated Spectrutn of the etude 
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product did not indica te any azide band and its nmr spectrum showed sharp 
singlets at J 2. 3 7 and J 2. 42, and also resonance in the phenyl region 
(NMR-11). The upfie ld resonance was in general similar to the nmr 
spectrum of the crude product collected from the reaction of allene and 
phenyl azide under the same experimental conditions, however resonance 
for compound ll_ was not present. The tlc (ether :benzene, 3: 1) of the 
I 
product indJ.cated two spots, Rf 0 . 5'7 (4-methyl- 1- phenyl- 1,2,3- triazole) 
and Rf 0.48 (unknown) . The produc t was passed through a 15 in. column 
packed with silica gel. The fir s t fract ion, upon evaporation of the 
solvent , yielded 2.46 g (46%) of a white solid, mp 78- 80°. This was 
recrystal.lized from petro l eum ether (30- 60°). Colourless crystals, 
1.8 g of 4- methyl-1- phenyl·-1,2,3- triazole ( 2Q), mp 80-f31° were obtained . 
The ir, nmr, liv, tlc, and mp were identical with an authentic sample of 
4-methyl-l-phenyl- 1,2,3~ triazole which was prepared by an alternate 
60 method in this laboratory. 
1'he second fraction obtaJned f r om t he column chr omatogr aphy , up on 
evaporation of tho solvent , yield d 3.0 g of a t hick Hquid. It was 
distilled through n s hor t pat h dist i llation head . A fraction, bp 125°/2 mtn, 
was collected; it solidified at - 10° but remained Hquld at r oom temperature. 
ir (IR- 5, neat) 3050 (Unsaturated, C: -H) , 1600 (aromatic c:.:.:C); nmr (NMR- 5; 
CC14) S 2.37 (s t 3 H), 7.3 (J, 6 H), 7.7 (poorly resolved t, 4 H), 8 . 08 
(s, 1 H). Addition of o2o to t he sample in the nmr tube and subs equent 
shaking did not af fec t the peak areas of the spectrum. Anal . ca l cd. for 
the liquid (based on the possible formula c15u14N6 , mol. wt. 278) : C, 64 . 74; 
H, 5.03; N, 30.21 . Found: C, 65.89; H, 5.25; N, 27.76; m/ e (MS-3) 203 
(the highest mass peak); uv ( sample cone. 1.23 x 10- 2 g/l.) showed '1. 
/;ax 
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' at 209 nm and an absorption at 243 nm. The structure of this 'compound 
has not yet been determined. No evidence of the presence of 5-methyl-
1-phenyl-1,2,3- triazole was found in the unknown liquid. 
The reaction .of methyl acetylene and phenyl azide was carried out 
two times; essentially the same results were obtained in both cases. 
Reaction of ethyl acetyl~ne and phenyl azide. The following 
experimental procedure was adapted after the experiments performed by 
Dimtoth 72 and Chattaway and coworkers. 73 
Xylene ( 15 ml) was placed :l.n a dried pyrex glass tube. The tube 
was cooled in ice ... cold watet. Ethyl acetylene gas (apptox. 0 . 5 g, 0.0093 mol) 
was passed through the xylene for 10 min. Phenyl a:tide (2 g, 0.01 mol) 
\Tas added to the xylene. 'I'he tube was sealed and iiiunersed in il constant 
temperature o:l.l bath at 100 ± 5o for 114 hr, The color of the solution 
in the tube turned brown diH:ing the heating. The tube was cooled; opened 1 
and the solvent was evaporated . A syrupy brown liquid was collected, and 
this was distilled under r,educed pressure eo give 0. 2 g of 5- ethyl, ... l - pheny,i-
1,2;3 ... triazole (23), bp llO!i /0 . 5 mm, which crysi:allbad upon cooling. 
mp 80•8lb; R£ 0.11 (ether:benzene~ 3:1); i t (IR- 6, KBr) 3050 (unsaturated, 
C-H), 1600 (aromatic C=C); nmr (NHR- 6, CDC13) &1.24 (t; 3 H), 2.7 (q, 2 H), 
7.5 (s, with a strong shoulder, 6 H); uv (c2H5oH), .A-max 205 nm ( €15277), 
222 nm {46:.11310). Anal. calcd. for c10H11N3 : C, 69.36; H, 6.36; N; 24 .28. 
Found: C, 69 .23; H, 6.49; N, 24.23; m/e 173 (M+). 
A liquid wl!!ighin.g L 5 g (bp 115-12.5.; /0 • .5 mtil) w~s also ~btt-:drted. 
ir (IR- 7, neat) 3050 (unsat:ur-nted, c- H), 1600 (aromatic, C=C); runt (NMR..-, 'l:t 
CC14), b 1.24 ( t, 3 H), 2. 7 {q , 2 II), 7.3-7 . 6 (d, 6 H), 7.62 ... 1.9 (t, 4 H), 
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8.2 (s, 1 H) uv (sample cone. 1.23 x 10-2 g/1) showed Amax at 209 nm and 
an absorption at 242 nm. This compound was not investigated any further. 
Experiments were also performed using acetone and benzene as 
solvents. They yielded essentially the same results. 
1,2-Heptadiene. 1,1-Dibromo-2-~-butyl cyclopropane used in this 
experiment was prepared by E. B. Samuel following the method adopted by 
Von Doering and Hoffman. 76 
1,1-Dibromo-2-~-butyl cyclopropane (52.3 g, 0.203 mol) was dissolved 
in 120 ml ether and was placed in a 1-liter 3-necked flask under Nz at a 
temperature below -20°. To the stirred solution was added dropwise an 
ethereal solution of methyl lithium (200 ml of 0.897 M). After 1.5 hr 
of stirring the flask was allowed to warm to room temperature, and water 
(60 ml) was added dropwise. The organic layer was separated from the 
aqueous layer and was washed with water (5 x 200 ml), dried (Cacl2), . 
filtered, and distilled to give 13 g of 1,2-heptadiene, bp 105° (lit33 
105-106°), ir (I R-8, nea t) 1950 (C=C=C); nmr (NMR-8, CCl4), 51.08 (poorly 
resolved t, 3 H), 1.58 (unresolved m, 4 H), 2.1 (broads, 2 H), 4.8 (poorly 
resolved m, 2 H), 5.2 (p, 1 H). 
Met~l lithium,77 Lithium ribbon 36 cc (3 . 204 g, 0.457 mol) was 
cut into small pieces in ether and placed in a 3-necked round bottom flask 
equipped with stirrer under N2 • Ether (100 ml) was added and methyl 
iodide (32.5 g, 0.23 mol) which was freshly dis t illed was added dropwise 
to the stirred mixture at 0°, The mixture was then ref luxed for 1 hr. 
The undissolved lithium metal vas r emoved by filtrat i on , and the solution 
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stored in a screw-capped bottle under N2 at 0°. The concentration of the 
solution was determined by hydrolysis of a 2 ml aliquot and titrating the 
solution against standar dized HCl using phenolphthalein as the indicator . 
The solution upon standing had a suspension in the bottom of the bottle. 
The solution was used for the pre 2~.hep-tad-te-ne--.,.-----------
Reaction of phenyl_azide with 1,2- heptadiene. 1,2- Heptad:lene 
(1.5 g, 0.0156 mol) , phenyl azide (1.5 g, 0.0125 mol), and 10 ml of benzene 
were placed in a 50 ml round bottom flask equipped with a reflux condenser 
under N2• The reaction was carried out in refluxing benzene for 63 hr. 
At the cQnclusion of the experiment benzene 'Was evaporated and 3 g of 
brown liquid was obtained. The infrared of the crude product indicated 
the presence of unreacted phenyl azide which was removed by distillation 
to give 0.3 g of phenyl azide. The remaining crude product (2.2 g) showed 
3 tlc spots with Rf values 0.16, 0.26, and 0 .54 (benzene system). This 
was passed thtough a silica gel coiumn and the fractions were separated• 
The first fraction upon evaporation of the solvent gave 0.2 g of brown 
oil, which upon examination with tlc showed significant tailing , indica-
tion& that the sample was itnpure . it (IH- 10, rieat) 3506 (N- H ot O .. it), 
2980 (C-H), 1690 (C::o\0), and 1600 (aromatic c.-..c); nmr (NMR-11) S 0. '7-1. 4 
(integral area of a multiplet corresponds to 60), 2.2 (s, integral area 8), 
6.8 (t, integral area 16), and 7.0-7~4 (in tegra l area bf 28), tlt showed 
that th~ fraction was impure; however it was not invest igated rtfrther. 
The second fraction upotl evaporation of the MiVent gave 0. 068 S 
of solid which vas recrystdllized from pettoleum ether (30~60 6 ) co give 
0.018 g a£ pure crystals, n~ 100- 101°. ir (IR-9 , KBr ) 3050 (~c~M)y 1690 
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. 
(C=O), and 1600 (aromatic C- C); nmr (NMI~-9, CC14) J 0.98 (t, integral area 
of 23), 1.1-1.8 (m, integral area of 36), 3.14 (t, 2 H), 7.5 (d, 3 H), 
7.82 (m, 2 H), and 8.6 (s, 1 H); m/e (MS - 4) 229 (M+, 3.27%); uv (sample 
- 3 cone. 1.02 x 10 g/1, c2n5on), /\. 208 nm and a s houlder at 253 nm. max 
However, more work is needed to determine the structure of the compound. 
The third fraction upon evaporation of the solvent yielded 1. 2 g 
of brown liqui d. ir (IR-11, neat) 3500 (N- H or 0- H), 2980 (C- H), 1690 
(C=O), and 1600 (aromatic C- C); nmr (NMR- 12, CC14) S 0 . 9- 2.0 (m, integral 
area 74), 2- 3 . 2 (m, integral area 32), and also aromatic resonance 
~entered between g 7.5-8.1 (m, integral area 56). This fraction was not 
investigated further. 
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Unknown liquid (bp 115-125°/0.5 mm) 
Ethyl acetylene and phenyl azide pr·oduct 
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Fraction of 1 , 2-heptadiene and phenyl azide reaction 
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NMR-7 
Unknown liquid (bp 115-125°/0.5 mm) 
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Reaction of phenyl azide and 1.2 - heptadiene . first fraction 
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